Introduction
The European crab apple (Malus sylvestris (L.) Mill.) is an insect pollinated species native to most of continental Europe and the British Isles. Within its natural range, the species is considered threatened due to habitat modifications and hybridization with the cultivated apple (Malus x domestica Borkh.). The latter has been suggested due to the great ability for hybridization between species within the genus (KORBAN, 1986) but also due to the occurrence of morphologically intermediate phenotypes in nature (STEPHAN et al., 2003) . The issue of hybridization has traditionally been studied by use of morphological characters -in particular pubescence. Ontogenetic and phenotypic variation however, is likely to hamper such studies. Therefore, these studies have recently been supplemented by molecular studies which demonstrate that it is still possible to find genetically authentic populations of M. sylvestris with only small traces of hybridization or introgression (COART et al., 2003; WAGNER et al., 2004; LARSEN et al., 2006) . At least this is true for the more or less dense populations that have been included in the reported studies.
Despite the great interest in studying the occurrence of hybrids between the two species in nature, very little is known about the actual ability of the two species to hybridize. Thus, to the knowledge of the authors no published studies exist that quantify the crossability between the two species directly. In the present study, we therefore tested the hypothesis that M. sylvestris has
Crossability Between Wild (Malus sylvestris)
and Cultivated (M. Ability to self-pollinate was not tested in the present study as a gametophytic self-incompatibility system has been found in the Rosaceae family (NETTANCOURT, 2001) and it has further been shown that selfing is a rare event in M. sylvestris under natural conditions (LARSEN and KJAER, unpublished) .
Materials and Methods
In the spring of 2005 eight graftings of wild apples (produced autumn 2000) deriving from five locations in southern Denmark, were selected along with the five M. x domestica cultivars 'Elstar', 'Ingrid Marie', 'Discovery', 'Ildrød Pigeon' and, 'Rød Aroma' (all diploid). Wild accessions were determined to be M. sylvestris genotypes according to morphological characters (eg. WAGNER, 1996) . All accessions were obtained from Århus University (Department of horticulture). Emasculated flowers of the M. sylvestris graftings were treated with a pollen mix from the five M. x domestica clones and a pollen mix from the five most heavily flowering graftings of M. sylvestris. An untreated control was included in order to test the consistency of the method. For each grafting, each of the three treatments was carried out on one panicle by selecting 3-5 flowers in the balloon stage. Flowers were treated only once. After pollination, each panicle was isolated using transparent pollination bags (Cryovac, SM 750 super micro). In order to ensure full development of fruits deriving from controlled crossing, the remaining fruits were removed. Abscission of fruits during development was recorded along with the number of seeds per fruit at maturity. Pollination and tree cultivation was performed in a plastic tunnel greenhouse at Århus University.
Differences in the number of fruits developed per treatment were analyzed assuming a binomial distribution of the fruit set data (ie. the probability p sxd and p sxs for success after inter-and intraspecific crossings respectively). The null-hypothesis of similar fruit set after the two treatments were tested using the z-test (SOKAL and ROLF, 1981) .
Germination was tested using 85 seeds from the intraspecific crossings and 139 from the interspecific crossings. Seeds were placed on moist vermiculite in closed plastic containers in the autumn of 2005. The test was carried out at 5°C and the medium was kept moist by spraying. Germination was defined as the radicle's penetration of testa. Seeds started to germinate after 14 weeks. After 18 weeks, approx. two thirds of the seeds had germinated and the containers were transferred to a frost-free greenhouse with varying day temperatures of up to 20°C. Progression of the germination was recorded weekly. After 20 weeks, the trial was terminated by recording the number of dead seeds along with an assessment of seedling development. 
Results and Discussion
In the pollination trial, seven of the eight M. sylvestris clones set fruit. Five set fruit following both intra-and interspecific crossings, while 2 of them only set fruit following the interspecific crossings. The difference in fruit set (percentage of successful pollinations) at maturity was found slightly significant (P < 5%) whereas difference in fruit set registered one month after pollination was non-significant ( Table 1) . The difference in fruit set at the two points was caused by the abscission of three fruits all deriving from the same mother clone ( Table 1) .
In general, fruit set following artificial pollinations was relatively low. This could be due to the fact that the styles were not fully receptive at the stage of pollination which was carried out immediately after emasculation. The average number of fully developed seeds per fruit was found to be slightly higher in inter-than intraspecific crossings. However, t-test of the null-hypothesis of no difference could not be rejected.
In the germination test only two of the harvested seeds did not germinate. These were both infected by fungi. The rest of the seeds germinated, and all seedlings developed normally according to the ISTA rules for seed testing (INTERNATIONAL SEED TESTING ASSOCIATION, 1999) -i.e. normal development of the first primary leaves.
When compared within the five clones for which seeds from both crossings were available, there was a tendency towards interspecific crossings germinating earlier than intraspecific crossings (Figure 1) . Timing of germination is a parameter of potential importance to fitness under natural conditions, because too early germination can result in frost damage and late germination may result in poor competitive ability. Still, in the present case the observed differences between the hybrids and the wild species were not large (about 1 week, cf. Figure  1) . Some variation was also observed between clones. It was noted that germination ceased temporarily upon transfer of the seedlings (and ungerminated seed) to the greenhouse in week no. 4 (cf. Figure 1) .
In our study, we did not offer pollen of both species in mixture, and we can therefore not exclude the possibility that pre-zygotic pollen competition (e.g. due to factors such as different pollen tube growth) can reduce the degree of hybridization when pollination takes place under conditions where pollen of both species is abundant (e.g. discussed for Quercus by BOAVIDA et al., 2001) . Still, our results show that there are no genetic hindrances to hybridization between the two studied species at either the pre-or postzygotic level.
As a consequence, we must expect that substantial hybridization between the two species will occur given the time of flowering overlap and the geographical distance between them is not too great. This has serious implications for the conservation of M. sylvestris in the Danish landscape. Thus, in the phase of selecting populations for in situ conservation networks (cf. GRAUDAL et al., 1995) , one should look for populations that have historically been geographically isolated from M. x domestica. Where such information is not available, it is recommended to perform an investigation by morphological and /or molecular means in order to establish the hybridization status of the candidate populations (cf. COART et al., 2003; LARSEN et al., 2006) . However, the observed high degree of crossability, combined with apparently relatively few hybrids occurring in at least some of the Danish populations, indicates that other types of reproductive barriers must provide some protec- Larsen et. al.·Silvae Genetica (2008) 57-3, 127-130 tion against hybridization. Under Danish conditions it has been suggested that isolation by distance is one of the primary mechanisms hindering hybridization in natural populations. This is because of the predominance of short distance pollination events in natural populations (LARSEN and KJAER, unpublished) . In addition, differences in flowering phenology between the two species ('isolation in time') are also thought to play a role (LARSEN et al., 2006) .
Our result is also of importance for propagation of M. sylvestris for planting purposes. There should be a suitable isolation distance between a given M. sylvestris seed orchard and the (major) occurrences of M. x domestica. Honey-and bumblebees (both major pollinators of M. sylvestris) are observed to have median foraging distances of several kilometers over a range of landscape types (OSBORNE et al., 1999; BEEKMAN and RATNIEKS, 2000; STEFFAN-DEWENTER and KUHN, 2003) . Although such long distance pollination events might be of importance in an evolutionary context (ELLSTRAND, 2003) , it is questionable whether they are of practical importance in seed orchards of M. sylvestris. Pollinator behavior in a relatively dense seed orchard further speaks in favor of shorter isolation distances. Thus, for Prunus mahaleb L. GARCIA et al. (2005) found that pollination distances were shorter and the number of effective fathers lower in dense stands than in more open stands. This was found both in relation to conspecifics and in general. A likely explanation for this could be the generalist behavior of the pollinators, meaning that they will not move far if ample sources of pollen are available in the near neighborhood (CRESSWELL, 1997).
